Improving Urban Ecosystems Resilience at a City Level the Coimbra Case Study  by Ferreira, António J.D. et al.
 Energy Procedia  40 ( 2013 )  6 – 14 
1876-6102 © 2013 The Authors. Published by Elsevier Ltd.
Selection and peer-review under responsibility of the GFZ German Research Centre for Geosciences
doi: 10.1016/j.egypro.2013.08.002 
ScienceDirect
European Geosciences Union General Assembly 2013, EGU 
Division Energy, Resources & the Environment, ERE 
 
Improving Urban Ecosystems Resilience at a City Level.  
The Coimbra Case Study. 
António J.D. Ferreira(1) *, João Pardal(2), Miguel Malta(1), Carla S.S. Ferreira(1), 
Daniel D.J. Soares(1) and José Vilhena(2) 
(1)
 CERNAS,Escola Superior Agrária de Coimbra, Instituto Politécnico de Coimbra, Bencanta, P-3040-316 Coimbra, Portugal 
(2)Câmara Municipal de Coimbra, Praça 8 de Maio, P-3000-300 Coimbra, Portugal 
Abstract 
Sustainability of urban communities is at risk in a global change context, where constraints posed by a limited access 
to raw materials, energy and sanitation will cause profound problems. 
The conventional approach of find technological solutions is often expensive and inefficient. To improve city 
resilience to global change threats, we need to develop a nested approach binding together various greening actions 
and management of green infrastructures. 
This paper presents the conceptual strategy being developed at the Coimbra City to increase urban ecosystems 
resilience, using them to reduce natural risks, the promotion of human health and increasing city food sovereignty. 
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1. Introduction 
Cities are the home to 50% of the human specie UN [18] Ramalho & Hobbs [15], whose well being, 
way of life and exposure to hazard situations are directly related to the built environment. Cities are often 
seen as ecological systems just a short step away from collapse Newman [13]. Being a human 
 
* Corresponding author. Tel.: +351 239802940; fax: +351239802979. 
E-mail address: aferreira@esac.pt. 
Available online at www.sciencedirect.com
 2013 The Authors. Published by Elsevier Ltd.
ction and pee -review und r responsibility of the GFZ German Research Ce tre for Geosciences
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
 António J.D. Ferreira et al. /  Energy Procedia  40 ( 2013 )  6 – 14 7
construction, cities disrupt the natural cycles and the patterns of temporal and spatial distribution of 
environmental and ecological processes. Urbanization produces ruptures in biota, water, energy and 
nutrients connectivity that can lead to an enhanced exposure to disruptive events that hamper the well 
being and the resilience of urban communities in a global change context. Mankind can’t give up of these 
structures one step away from collapse.  
1.1. The Green Infrastructure 
The green infrastructures play an important role in the regulation of natural cycles within cities, 
providing a number of services seldom understood or taking into consideration in the planning and 
decision making process. Furthermore, the green infrastructure can be designed to reduce the ecological 
footprint, reduce natural hazards, improve the quality of the urban living environment (air quality, water 
quality, noise, climate, aesthetics), provide a space for relaxation and restoration as well as exercise and 
leisure activities, promote new green services and jobs, and therefore increase the resilience of cities to 
face the global change challenges ahead, namely global change (i.e. climate, land use, socio-economic), 
and a foreseen reduction in the amount of energy and raw materials available. 
The end of cheap energy will have an important impact on the way we think and plan the cities, and the 
green infrastructures can play an utmost important role in increasing cities resilience, albeit not all green 
infrastructure designs are suitable for a low carbon context. It is clear that the forthcoming energy 
limitations admonish an urban sparse structure such as that of American suburbs, where the increase of 
car use (and hence amount of energy used, traffic noise, and air pollutant emission) rends them 
unbearable. Land use patterns can increase the efficiency of water use and waste management, since dense 
land use is less water intensive and make economies of scale and density recycling easier Newman [13]. 
The sustainability of urban communities is at risk in a global change context, where environmental 
problems and the constraints posed by a limited access to key raw materials and energy will cause 
profound changes on the way we interact with the natural environment. Major changes are expected on 
processes magnitude and connectivity at various scales Ferreira et al. [6], with profound impacts on the 
environmental and well-being problems posed by the packing of high density of people in restricted areas, 
that have to be dealt with. The conventional approach is to find technological solutions that are often 
expensive and inefficient, especially in what concerns the use of energy and raw materials, limiting long 
term sustainability and urban ecosystems’ resilience Dean et al. [5], and consequent impacts on the quality 
of life and health of urban populations. 
To improve city resilience in face of global change threats (climatic change, growing world population, 
land use change, lower energy availability, reduced mobility), safeguarding the quality of life of more 
than 80% of European citizens Rotmans et al. [16], a new approach is needed.  
1.2. Biodiversity in urban areas 
Urban areas can support high levels of biodiversity, which is particularly important since diversity 
plays an important role in long-term ecosystem functioning Alvey [1]. The biodiversity of highly 
urbanized areas may be more important than the surrounding countryside and act as an important reserve 
of biodiversity [Cornelis & Hermy [4], Araújo [2], harboring endangered species Alvey [1]. By contrast, 
some studies have shown that the loss and fragmentation of natural habitat sharply reduced the richness of 
taxa in the urban core McKinney [11]. Urbanization promotes biotic homogenization by increasing the 
importation of non-native species McKinney [12]. 
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1.3. Environmental Services 
Besides promoting biodiversity conservation, urban green infrastructures are also increasingly 
perceived as providing an excellent opportunity to improve present-day and future sustainability of cities. 
They can provide crucial ecosystem services related to microclimatic conditions, air quality, noise 
pollution, water and nutrient fluxes, recreation and aesthetics that improve the urban environment 
enhancing the wellbeing and quality of life of urban dwellers Jim & Chen [8]. Our urban ecological 
footprint can be reduced by capitalizing on ‘ecosystem services’ which provide benefits to humans, and 
include ‘provisioning services’, ‘regulating services’ and ‘culturally enriching services’. ‘Supporting 
services’ such as soil formation, nutrient cycling and primary production underpin all of the above 
services Dean et al. [5]. 
The role of urban green infrastructure on health is widely acknowledged and frequently ascribed to the 
capacity of urban ecosystems to provide enough resources and a supportive habitable environment for 
humans, providing an important protective function for human mental health Dean et al. [5]. They are 
related to neighborhood satisfaction, self-reported health and longevity, and to reduced anxiety and 
depression Takano et al. [17]; Maas et al, [9]. Urban green areas can be a restorative environment that 
provides a place to escape from stressful and challenging situations (e,g, noise pollution), but can also 
offer possibilities for health-supporting activities. However, more research is needed to gain knowledge of 
and determine the role of green spaces and other types of green urban infrastructure (e.g. green 
roofs/walls, urban gardening, ponds) on wellbeing, health, and social cohesion and the interaction with 
biodiversity and environmental exposures/stressors. 
A major concern is that urban ecosystems may have passed biotic and/or abiotic thresholds Ramalho & 
Hobbs [15], with severe implications for the overall sustainability and the occurrence of destructive 
events. Cities are characterized by habitat patches that are small, fragmented and isolated Goddard et al. 
[7]. Connectivity and heterogeneity Goddard et al. [7] play an important role in this. The role of private 
gardens and backyards is seldom recognized, although they play an important role in the preservation of 
biodiversity and ecosystem services. Being fundamental to increase connectivity, their management is 
problematic, since private gardens management lies outside direct government control Goddard et al. [7]. 
They are patches of interconnected habitat within the residential ecosystem. To be effective in enhancing 
native biodiversity, garden management has to be coordinated with the management of the surrounding 
landscape Colding [3]. 
1.4. Objectives 
This paper presents several dimensions fruit of the collaboration between the Coimbra Municipal 
Authority (Câmara Municipal de Coimbra) and the “Escola Superior Agrária de Coimbra” (Coimbra 
Agricultural University School) to build a more resilient city, in face of the forthcoming global change 
scenarios, among which we can quote a lower carbon and energy economy, reduction in the amount of 
raw materials available, climatic change, technological and land use change. Urban ecosystems are 
become important as providers of environmental services.  
The projects implemented so far were in three distinct domains: [i] Knowing and promoting the 
fruition of the urban and sub-urban green areas; [ii] the bet on urban agriculture to increase the green areas 
and provide the poorest population fringes to have access to fresh food, and become actives, and [iii] the 
study of the urban hydrological cycle and pollutant dispersal to reduce the impact of urban flash floods 
and promote alternative uses of water. 
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2. Study area 
Coimbra is the main city in the Portuguese Centro Region. With 143396 inhabitants in the 2011 
census, Coimbra plays a strategic role connecting the north to the south and the littoral to the interior of 
Portugal. This strategic pivotal location is also true in what concerns the ecosystems. Coimbra is located 
in the overlapping zone of the deciduous oaks (Quercus robur & Quercus pyrenaica), with the evergreen 
oaks (Quercus suber & Quercus ilex). Despite their two areas which still hold a medieval structure, 
Coimbra has a diversity of green infrastructures, reflecting the visions, needs and fruition of green spaces 
by the society. The high biodiversity is also patent in it’s pleasant green spaces such as parks, 
playgrounds, gardens and forests. The green areas started to be installed in the Modern Ages, namely in 
the XVIII century, when the fifth oldest botanical garden in the world was installed in 1774. From 
thereafter, Coimbra has installed several parks, whose structure reflect the visions and fruition needs of 
the different generations of Coimbra inhabitants.  In addition, the City preserved a number of pristine 
woods and maintained several woods, and the Paúl de Arzila, a marsh ecosystem, which is a protected 
landscape. 
For the last decade, Coimbra has became aware of the importance of its urban areas and has interacted 
with the Escola Superior Agrária de Coimbra (Coimbra Agriculture University College) to act in several 
domains related with the preservation and improvement of their green areas, the use of green areas to 
increase food sovereignty, by installing urban agriculture fields, and by performing some research on the 
impact of green areas in the reduction of urban flash floods and the translocation of pollutants. 
 
3. The projects 
3.1.  The nature hiking treks project 
This project was developed to identify and characterize the green infrastructure within the Coimbra 
Municipality, and can be found at  http://www.cm-coimbra.pt/pnatureza/. The project main objective was 
to approach the citizens to the green areas, stimulating the fruition of parks and woods. The main idea is 
that to preserve the green infrastructure, people have to value it, and they only value it if they can enjoy 
those spaces. This project was used to promote environmental informal education opportunities, 
safeguarding the future of the green infrastructure (you only protect what you know), and establishing a 
network of green areas in the urban matrix. 
The project includes the identification of 9 relevant green areas within the urban area and 10 relevant 
conservation green areas in the peri-urban zone. The sites are grouped in 5 thematic routes (i.e. natural 
urban, “left bank”, River woods, Mondego river parks and mountain and hill).  
In addition, a  survey of the existing flora and fauna were performed, and the most interesting species 
were used, specially the endogenous ones, to call the attention to the importance of biodiversity inside the 
urban ecosystem. This was the case of the midwife toads, a kind of frog that caries its’ offspring, or the 
diversity of the ESAC woods, the last standing remains of what would be a oak woods in the intersection 
of the  oaks from the north (Quercus robur & Quercus pyrenaica) with those from the south (Quercus 
suber & Quercus ilex). 
A number of dissemination and education information was produced and made available, specially 
targeted to primary school students. 
The Coimbra Municipality is establishing a portal to increase the participation and concern of the 
citizens in the governance and preservation of the green infrastructure. At this portal, citizens can report 
any problem they spotted at the parks and woods, and can leave suggestions about what fruition 
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infrastructures they would like the parks and woods should be equipped with, or make suggestions about 
the management of those spaces. 
3.2. Urban Agriculture Project 
.The important role that urban agriculture have on societies can be observed from a multitude of 
perspectives, all observing the social benefits that this can bring to different levels of the wellbeing of a 
population Panzone & Malta [14]. Urban agriculture has undergone a large development in Portugal in the 
last 50 years, reflecting important population movements: the migration of people to the cities in the 
sixties attracted by opportunities created by the late Portuguese process of industrialization, and the arrival 
of migrants from the liberated colonies in the mid seventies. The logic of the traditional kitchen gardens 
was transposed to the urban areas with economic purposes in sight and also with the objective of 
recreating the rural way of life in the city; more recently this pattern changed with a “wave” of urban 
agriculture projects emerging, most of them sponsored by initiatives of local municipalities or municipal 
agencies and civil society organizations; Initially these initiatives had environmental and/or pedagogical 
objectives, but with the deepening of the social crisis, the increase of poverty, the rise of living costs, and 
the lack of response from the social security system, these organizations are reshaping their projects Malta 
et al. [10].  
In 2003 the Municipality of Coimbra started a global project of rehabilitation of a social housing 
neighbourhood of Ingote. Some of the families were already cultivating land around the existing 
buildings. Existent farmers were using a conventional and not very sustainable agricultural system. Based 
on the analysis of the existing realities (social and technical aspects), the municipality, in partnership with 
the Escola Superior Agrária de Coimbra (ESAC), reorganized the agricultural area around the 
neighbourhood, installed old and new urban gardeners and provided training in organic agriculture and 
technical support for around two years. In the two new gardens, 24 families were installed in 150 m2 
parcels in two different areas (see table 1). Priority was given to vulnerable families, namely those with 
low income, living in the proximity and existing farmers. Most of the farmers are elderly people. Each 
parcel has a water point, a compost bin and shed for storing agricultural tools and inputs.  
More recently, in 2009, Escola Supeiror Agrária de Coimbra (ESAC), in partnership with the Freguesia 
de São Martinho do Bispo, developed a social vegetable urban garden inside its campus, which became 
known as the Bispo vegetable gardens (Hortas do Bispo). The project was aimed at vulnerable people of 
the Freguesia. Due to the lack of space, the 11 parcels in this social garden only have 75 m2. In the Bispo 
gardens, only organic practices are used. ESAC provided training in organic agriculture and technical 
support for 3 years. Some of the gardeners were already experienced farmers. The objective was to 
develop autonomy in terms of technical skills. Bispo social vegetable garden is seen by ESAC as a living 
laboratory.  
 
Table 1: Social vegetable gardens in Coimbra municipality 
 
Social garden Year of 
creation 
Number of 
households 
Area of the 
parcel (m2) 
Ingote west 2004 5 150
Ingote east 2004 19 150
Bispo 2009 11 75
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3.3.  Reducing flash floods and pollution transport in urban areas 
 
The FRURB project offers a comprehensive approach to manage urban flood risk. Increasing urban 
sprawl and inadequate planning accentuates the problem with flash floods, which steams from changes on 
extreme events patterns, due to profound changes on hydrological processes. Urban areas are particularly 
vulnerable to flash floods due to the high concentration of assets, infrastructures and people. It is 
important to understand the relationship between urban characteristics (intensity and location in the 
catchment, drainage system) and hydrological processes linked to urban flash floods, where strategies and 
tools need to be developed to prevent these occurrences. This may be achieved by improving urban 
planning to include new hydrology concepts in disturbed areas. Due to the assets values in urban areas, 
the adaptation measures and resilience capacity will be more effective if we predict the location, 
frequency and magnitude of flash floods. 
The project presents a more efficient management approach of flash floods by developing new 
planning strategies and identifying beforehand the areas in greater danger, by using state of the art 
physically based spatial distribution models. To develop highly effective approaches to reduce flood 
magnitude and frequency, the project will analyze planning and management practices within two 
proposed study areas. 
 
Figure 1 – The Ribeira dos Covões Catchment in the sub-urban area of Coimbra. 
 
FRURB also aims to develop effective alleviation strategies. Special emphasis will be given to the 
potential for structural and non structural defense strategies to mitigate flood risk. The project’s base 
hypothesis is that it implies the identification and use of land features to reduce connectivity and 
transferability of water fluxes between catchment compartments. Thus, the project will search for buffers, 
barriers and blankets within the catchments that could be used to reduce the magnitude and frequency of 
urban floods. Implementing these solutions to reduce urban flood risk will require new paradigms, 
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planning and management tools to control urban sprawl and develop sound medium/long term land use 
strategies. 
Preliminary results from the Ribeira dos Covões catchment, a 6km2 sub-urban catchment (Figure 1) 
show a swift response of peak flow to rainfall (figure 2), which is due to the impervious surfaces resulting 
from the fast urban sprawl process. 
 
 
Figure 2 – Rainfall and runoff at the Ribeira dos Covões Catchment in 2012. 
 
The urban area increased from less than 10% of the total area in 1958, to more than 30% nowadays 
Ferreira et al. [6]. The peak flows response varies throughout the year, and the relation between rainfall 
amount and runoff response seems to be influenced by the size of the dry period before the rainfall event. 
This may be an indicator of the conjunction of two impervious components: the urban impervious areas 
and the water repellent soils at the forest areas that become more effective after long dry spells. The 
connectivity between those two processes is probably responsible for the sharp peak flow responses, and 
should be taken in consideration when preparing urban plans. 
In addition to unveil of urban flash floods processes, the FRURB project addresses the question of the 
quality of urban runoff waters. These are important to relocate pollutants within the catchment, and may 
raise problems in storing and using those water for specific purposes, such as for urban agriculture. 
The first heavy metal data from roads overland flow within the catchment, that includes a set of 
different paved roads, from small traffic roads to a motorway, reveals lower amount of copper, zinc, 
cadmium and lead, as shown in table 2. 
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These concentrations show that the overland flow from roads, even those with a high volume of traffic, 
do not  represent a problem to the human health an can be used for irrigation of urban agriculture fields. 
Table 2 – Concentrations of heavy metals from roads in the Ribeira dos Covões catchment. 
 
 
 
 
 
 
 
 
4. Discussion and conclusions 
This paper offers a group of arguments in favour of the green infrastructure maintenance and spreading 
inside urban areas, based on the study case of Coimbra City. After the Medieval period, when the security 
inside walls was the major concern, Coimbra started to give importance to its green areas, and established 
the 5th oldest botanical garden in the world in 1774. After that, a number of gardens were installed 
throughout the generations until nowadays, when a polity of conservation and fruition of gardens and 
pristine woods is being implemented, to provide citizens with a contact with nature, essential for their 
well being. The green areas are being equipped with infrastructures and equipments to allow the citizens 
fruition and practice of several open air activities. The thinking behind this approach is that you can only 
value, preserve and defend something that you are attached to and can take some kind of material, 
psychological or moral benefit from. 
Another important line of action is the urban agriculture, through the implementation of social gardens. 
This has several objectives: (a) to maintain and manage the green infrastructure, while reducing the 
Municipality costs in maintaining it; (b) to provide the poorer fringes of the population, specially those 
living in social quarters with the opportunity to improve their nourishment; (c) provide the long term 
unemployed with an activity, which will increase their self-esteem. 
After the pioneer experience in 2003, the social gardens are spreading out in all the Portuguese cities, 
partially steamed by the social and economic crisis we are living. 
Finally, another issue relevant to the design of the green infrastructure in the urban areas is the problem of 
imperviousness and the role of green areas in breaking the connectivity of impervious urban areas that 
have the power to build up catastrophic flash floods in densely urbanized areas. This risk can be mitigated 
with the maintenance of natural areas within the city. Nevertheless, the existence of areas within the 
catchment planted with Eucalyptus globulus, the blue gum, a tree that induces strong water repellence in 
the soil, appears to add to flash flood risk, since some of the more prominent peak flows following small 
rainfall events occur after long dry spells, when soil water repellence is at it’s highest. Caution has to be 
taken when planning urban areas, so that this continuity between urban impervious areas and forest soil 
water repellent areas can be broken, reducing water processes continuity. 
The first results of heavy metals from different types of paved roads seem to indicate that the heavy metal 
problem does not exist.  
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Cadmium 0 -0.0035 
Lead 0 – 0.152 
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